The paper presents the results of research on the content of 16 PAH, selected anions and heavy metals in samples collected from Lake Oleckie Wielkie. The samples were collected at seven locations around the lake within about 15 m from the shore in November 2012. The highest total concentration of 16 PAH (68.58 μmol dm -3 ) was found in water sample no. 7, and the lowest in water samples no. 1, 4 and 5. The obtained results do not exceed the levels of standards accepted in Poland for the surface water. The analysis of collected water samples, performed with the isotachophoresis method, showed a low content (less than 4 mg dm -3 ) of the analyzed anions: nitrates(V), nitrates(III), chlorides, sulphates(VI), sulphates(IV), phosphates(V) and hydrocarbonates(IV), as well as a low content of the analyzed heavy metals.
INTRODUCTION
Being the only agent essential for life, water is one of the most important elements of the natural environment. All types of water contamination cause diseases and death of life forms. Water contamination is also the cause of diseases in aquatic plants. Harmful compounds stored in plants reach the organisms of animals and people. Huge amounts of industrial and household sewage, the volume of which increases every day, poses a threat to life in rivers, lakes, seas and oceans.
Currently, the purity of water is a worldwide problem. In the developed countries, it is forbidden to drink water directly from rivers or taps as it raises some doubts in terms of its purity and harmfulness. Despite various bans and fines, we still deal with the contamination of rivers, lakes and groundwater. Obviously the drinking water is treated, but even the most advanced technologies are not able to eliminate all contaminants. Additionally, industrial, agricultural and household sewage causes increasing deterioration of the water quality. Most of the groundwater and some of the subterranean water have already been contaminated, hence discharging toxic waste and sewage should be eliminated and, at the same time, water treatment methods should be improved (Michalski 2003; Niedzielski et al. 1999; Polkowska et al. 2005; Walna, Siepak 1999) .
Diseases related to bad quality of water are listed as top death-causing factors (Deska et al. 2011; Kosobudzki, Buszewski 2003) . From among 800 known carcinogenic substances, polycyclic aromatic hydrocarbons (PAH) constitute the largest group of more than 200 compounds (Adamczewska et al. 2000; Gadzała, Buszewski 1995; Walna et al. 2003) . The indicator of water contamination with aromatic hydrocarbons is benzo(a)pyrene (Chrząścik et al. 2008) . Subterranean water contains 0.0001-0.006 μg dm -3 of benzo(a)pyrene, clean groundwater contains 0.05 -0.25 μg dm -3 , contaminated groundwater contains 0.1 -13.0 μg dm -3 and household sewage contains 0.001 -1000 μg dm -3 of benzo(a)pyrene. It is assumed that within a year a human body absorbs 3 -4 mg of benzo(a)pyrene with food, 0.1 mg with vegetable fats and 0.05 mg with drinking water. The total amounts are not high, but even thought they are so low they cannot be neglected owing to their accumulation in the body (Chrząścik et al. 2008) .
Monitoring of the environmental pollution is always a topical issue. In spite of the fact that the areas of north-eastern Poland are recognized as so called "green lungs", it does not mean that no sources of pollution are present there. It is true that there are no large industrial plants, but the increasingly high volume of road transport is becoming a major source of gradually increasing environmental pollution. These type of research constitutes the basis for undertaking actions aiming at the improvement of water condition and its protection against further contamination. This fact results from the domestic law and requirements of the Water Directive 2000/60/EC (Water…2000). The Directive obliges the Member States to rationally use and protect natural resources pursuant to the rule of sustainable development. Its objective is to attain a good condition of all water resources by 2015. The study is a continuation of comprehensive research related to the assessment of environmental pollution and contamination of the food produced, taking into account various toxic and carcinogenic compounds in north-eastern Poland (Chrząścik et al. 2007a, b; Konieczka et al. 2004) .
Capillary isotachophoresis is an analytical method based on the process of separation of ions (cations or anions), which are formed in electric field zones by the use of adequate leading and terminating electrolytes, according to their decreasing mobility, and which are moving with the same velocity. Two different electrolytes are applied in ITP. A mixture of separated ionic substances is inserted between these systems. The first electrolyte (leading, Ld) consists of more mobile ions (cations or anions, depending on the conditions) than the ions in the analyzed sample. The terminating electrolyte ions (Tm) are less mobile than the least mobile component of the separated mixture.
The research performed within this project is aimed at determining the content of 16 PAH, selected anions, mercury, iron and manganese in the samples from Lake Oleckie Wielkie. The reason for such studies is a significant increase in the traffic volume in the region of Olecko and an increase in the number of single-family houses built without the use of biodiesel, but heated with i.a. charcoal and wood. At the same time, it should be noted that in 2015 the EU directive will oblige Poland to improve the air quality and eliminate all coal-fired boilers from Polish houses by 2020. Meanwhile, most of the houses, especially in villages and small towns, are heated with coal.
MATERIALS AND METHODS

Methodology
Lake Oleckie Wielkie (Fig. 1) , where water samples were collected, is located at an altitude of 158 m above sea level, within 36 km to the west of Suwałki. It is situated in the area of Olecko Commune, Warmia-Masuria Province. The main lake basin borders on buildings belonging to Olecko. Its drainage basin covers the following rivers: the Biebrza, the Narew, the Lega, and the Ełk. The total area of the lake is 227 hectares. Its northsouth length amounts to 4.600 m, the maximum width is 1.150 and depth 45 m.
The area of Olecko district is recognized as part of the so called "Green Lungs of Poland", but relatively heavy road traffic and various ways of heating the flats and houses constitute the most important sources of pollution. Olecko is inhabited by nearly 20.000 people and its area covers 1.142 hectares. The Olecko Commune is one of the coldest parts of the country (the average vegetation growing season is 185-195 days, snow cover stays for 75-100 days and average annual precipitation totals 600-750 mm m -2 ). The increased tourist and transit traffic through the town, commune and district of Olecko has a negative impact on the environment, the increasing air pollution with dust and heavy metals.
The main objective of the research has been to assess the content of 16 PAH, i.e.: naphthalene (Na),
in water samples collected from Lake Oleckie Wielkie. The scope of research comprised both qualitative and quantitative determination of PAH, selected non-organic anions and such elements as mercury, iron and manganese. The following methods were used in the study: high-performance liquid chromatography (HPLC), isotachophoresis and atomic absorption spectrometry (AAS).
Water analysis of PAH content was performed on the day after sampling. 1.2 cm 3 of Hyamine was added to 1 dm 3 of water, and then mixed and drained through a SPE disposable extraction column (BakerBond) prepared a priori. A sample was first drained at a speed of 3-4 drops per second, and then the column was purged with nitrogen. Next, hydrocarbons absorbed onto the surface of the column were eluted with dichloromethane (8 cm 3 ). 2 cm 3 of acetonitrile was added to the eluate and mixed. The obtained solution was concentrated with streams of nitrogen at a temperature of 37°C until it reached a volume of 0.5 cm 3 . Next, the water was added until the whole solution reached a volume of 1 cm 3 . This was followed by the HPLC analysis performed at 254 nm wavelengths, methanol flow of 1 cm 3 min -1 and temperature of 22°C.
The water samples were collected in November 2012 at seven locations within 15 m of the lake shore. The obtained content of the analyzed components in water samples collected at each point was averaged.
The second part of the research comprised the analysis of separate water samples collected for the content of the following anions: nitrates(V), nitrates(III), chlorides, sulphates(VI), sulphates(IV), phosphates(V) and hydrocarbonates(IV). The collected samples were fixed with EDTA in order to prevent the oxidation of nitrate(III) ions and sulphate(IV) ions. These ions become oxidized in the presence of oxidants (e.g. Fe 3+ , Mn 2+ ) to nitrates (V) and sulphates(VI), respectively. The analysis of the content of anions: nitrates(V), nitrates(III), chlorides, sulphates(VI), sulphates(IV), phosphates(V) and hydrocarbonates(IV) was performed with the technique of capillary isotachophoresis (ITP).
The first stage consisted in preparation of solutions and calibration curves for each anion. The next step was to perform quantitative and qualitative analysis on samples collected using the isotachophoresis method. No comparative analysis with the spectrophotometric method was done for isotachophoretic determination because such examinations had been done in preceding determinations showing that the maximum difference in the results did not exceed 4%.
The third part of the research comprised the analysis of water samples collected for the analysis of iron, manganese and mercury content. To achieve that goal, adequate solutions and calibration curves had been prepared.
Apparatus and Reagents
In order to assess the PAH content, SPE disposable distraction columns (RP Si-C18), Certified Material Reference (Merck) were used together with the HPLC set (Shimadzu, Japan): UV/Vis SPD-6A detector (wavelength 254 nm), LC-6A pomp, CR 6A Chromatopac integrator, Rheodyne 7125 dispenser with a 20 µl loop, RP Si-C18 column with an inner diameter of 4 mm, length of 250 mm (POCH Gliwice). The following reagents were used in the tests with the capillary isotachophoresis method and AAS method (of puriss. pro analysis grade, POCH Gliwice): sodium chloride, mercury(II) chloride, sodium sulphate(VI), sodium sulphate(IV), sodium nitrate(V), iron(III) nitrate(V), manganese(II) chloride, sodium nitrate(III), sodium phosphate(V), sodium hydrocarbonate(IV), EDTA and:
-leading electrolyte Ld-1 for the preseparation column prepared from equal quantities of the following solutions: 8 × 10 -3 mol dm -3 solution of NaCl, 3 × 10 -3 mol dm -3 solution of Bis-tris propane (Aldrich), 1.5 × 10 -3 mol dm -3 solution of β-alanine (Aldrich), 0.1% solution of hydroxyethylcellulose (Aldrich), -leading electrolyte Ld-2 for the analytical column prepared from equal quantities of the following solutions: 10 -3 mol dm -3 solution of NaCl, 1.5 × 10 -3 mol dm -3 solution of β-alanine, 0.1% solution of hydroxyethylcellulose (HEC), -final electrolyte Tm-5 × 10 -3 mol dm -3 : citric acid (POCH Gliwice), Fig. 1 . Sampling sites at Lake Oleckie Wielkie -deionized water for standard solutions (Merck). Analysis of anions was carried out with the use of an apparatus for isotachophoresis, EA 202M series (Villa Labeco s.r.o, Spisska Nova Ves, Slovakia) equipped with: a preseparation column with an inner diameter of 0.8 and length of 90 mm, an analytical column with an inner diameter of 0.3 mm and length of 160 mm, a conductivity detector for each column with a measurement spectrum of 30 kΩ to 20 MΩ.
The volume of 3 × 10 -5 dm 3 of samples was introduced through a metering valve into the separation system. The data from the detector were collected and processed by a PC equipped with the professional software ITPPro 32 (Kascomp, Bratislava, Slovakia).
The isotachophoresis method of determining the individual ions was validated in accordance with the generally accepted policy (Ermer, Ploss 2005) . The method used was authenticated by indicating such parameters as: recovery, precision, determination limit and linearity (Table 1) . On the other hand, the analysis of the collected samples with reference to the iron and manganese content was performed with the AAS technique, and in the case of mercury with the use of cold vapor according to the procedure in conformity with the Polish standard. The measurements were taken with an atomic absorption spectrometer AAS 3 (Carl Zeiss, Jena, Germany) with a flame atomizer.
RESULTS AND DISCUSSION
The study presents the results of the research on the content of 16 PAH and selected anions in water samples collected from Lake Oleckie Wielkie. The data related to quantitative and qualitative analysis of selected anions and metals: iron, manganese and mercury, were presented in Table 1 . The method adopted (ITP) was characterized by high precision and a wide range of linearity (50 -200 µg dm -3 ).
Average results obtained from the analysis of 16 PAH content in the analyzed samples are presented in Table 2 . Table 3 shows the average results of the analysis of selected anions and metals content. The protection of waters against their contamination takes an important place in human life. It mainly consists in reducing, avoiding and eliminating the water contamination, especially the contamination with substances harmful to this environment.
The most important medium in human life is water, and it is not enough to prevent it from contamination but it is also necessary to protect it. The prevention of water degradation is of comprehensive nature and covers various fields of human activity. Preventing the degradation is very expensive, and thus it is better to prevent by imposing bans (pursuant to the water law), e.g. on waste and sewage discharged into waters, snow from contaminated areas discharged into waters, etc. These bans are complemented by various legal acts which regulate the issue of water protection in Poland (Baćmaga et al. 2014) .
Samples of groundwater were collected in November 2012 around the lake within about 15 m from the shore. In summer, we can observe increased tourist traffic around the lake, and various types of accompanying pollution. The highest total concentration of 16 PAH (68.58 μmol dm -3 , with the range of 65.16 -71.12 μmol dm -3 ) was recorded in water sample no. 7 (Table 2) . A petrol station, a bus station and crossroads are located nearby. On the other hand, the lowest total content of the analyzed PAH was determined in samples no. 4, 1 and 5 (average: 0.03, 4.14 and 5.97 μmol dm -3 ). The cleanest water in terms of PAH content was in sample no. 4. Basically, no source of pollution is located close to that place. Considering the analyzed 16 PAH, only phenanthrene -0.03 μmol dm -3 was present. Sample no. 3 contained: naphthalene, acenaphthylene and acenaphthene totaling a few μmol dm -3 .
The largest number of PAH, i.e. 14 out of the analyzed 16 PAH, was found in sample no. 2. The content of individual 14 PAH reached a few μmol dm -3 (with the range of 0.22 -6.94 μmol dm -3 ). What is worrying, however, is the fact that the analyzed water sample contained hydrocarbons characterized by carcinogenic properties (according to WHO). A road towards Suwałki is located close to that place. Despite the presence of PAH, including carcinogenic types in some analyzed groundwater samples, the standards accepted in Poland were not exceeded. The second part of the research consisted of analyses of selected anions' content in groundwater samples (Table 3 ). The tests on water samples carried out with the electrophoresis method showed a low content (of less than 4 mg dm -3 ) of the analyzed anions:
nitrates(V), nitrates(III), chlorides, sulphates(VI), sulphates(IV), phosphates(V) and hydrocarbonates(IV). The lowest content of ions was detected in the case of nitrate(III) ions in sample 4. The concentration of these ions in the analyzed samples was within the range of 0.07 -0.14 mg dm -3 . On the other hand, the highest concentration of ions (Fig. 1) ; -not detected Table 3 The content of anions and metals (mg dm -3 ) in samples taken from chosen surface waters (n = 5) (Fig. 1) ; -not detected was recorded in sample 7 in the case of nitrate(V) and hydrocarbonate(IV) ions: 3.48 and 3.42 mg dm -3 (with the range of 3.34 -3.61 and 3.31 -3.57 mg dm -3 ), respectively. The content of other anions, except for sulphates(VI), was at a similar level in all analyzed samples. The highest concentration of sulphate(VI) ions was found in samples no. 5 and 7 (average: 1.87 and 1.89 mg dm -3 ). Both road traffic and households emit large amounts of pollution into the atmosphere. Atmospheric pollutants spread over different distances and fall on earth together with precipitation leading to the degradation of earth and groundwater.
As evidenced by the data presented in Tables 2  and 3 , the quality of waters in Lake Oleckie Wielkie is affected by i.a. transportation, heat and power stations, which release a lot of pollutants, and households. Similar results on the groundwater in north-eastern Poland were also obtained by other authors (Ignatowicz 2007) . The content of manganese and iron does not exceed the accepted concentration for class 1 purity of groundwater. Mercury was detected in sample no. 2 − on average 0.01 mg dm -3 (Table 3 ). The small content of heavy metals was also found by other authors in waters of Lake Góreckie (Walna & Siepak 2012) .
The discussed threats to the natural environment (PAH, anions, heavy metals) can gradually deteriorate the quality of water in Lake Oleckie Wielkie. Road transportation, the volume of which is constantly increasing, poses the most serious threat to the natural, atmospheric and acoustic environment in the study area. In fact, the air in this region is one of the cleanest in Poland, but the impact of pollution on the air and groundwater quality is becoming evident.
CONCLUSIONS
The total content of the analyzed aromatic hydrocarbons in the analyzed samples ranged on average from 0.03 to 68.58 μmol dm -3 . Furthermore, also the presence of benzo(a)pyrene was found in one of the samples. The low concentration of carcinogenic compounds in the water samples shows an increasingly negative impact of human activity. The presence of these compounds in the direct surroundings of human settlements will result in the growing tumor incidence and deaths in the future. At present, such a correlation cannot be pronounced owing to still low environmental pollution. The conducted analysis of the collected water samples also revealed a small content (below 4 mg dm -3 ) of the analyzed anions. The presence of anions, especially nitrates(V), sulphates(VI) and hydrocarbonates(IV), indicates sewage with nitrogen fertilizers from farmlands and coal combustion as sources of contamination. Also the content of the analyzed heavy metals was low, i.e. manganese on average from 0.11 to 0.23 mg dm -3 and iron from 0.10 to 0.24 mg dm -3 . The presence of mercury was found in one of the samples, on average 0.01 mg dm -3 . The amounts found are still too small for their effects to be noticed in the natural environment. The obtained results do not exceed the Polish standards for surface waters.
